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Abstract 
The main aim of our project is to estimate the wing parameters such as lift, drag, coefficient of lift, coefficient of 
drag, stall point for varying angle of attack and to visualize the flow using low speed wind tunnel. Cambered wing 
with NACA24012 aerofoil series has been chosen for the estimation. This aerofoil has high coefficient of lift than 
other airfoils. This aerofoil has low pitching moment and has little roughness effect. The control surfaces attached 
with the wing are flaps, trim tabs and they are actuated using servo. Two component balances is used to determine 
the wing parameters. The NACA24012 aerofoil series finds application in general aviation, piston powered 
bombers, transport, commuter and business jets. 
Composite materials are the most advanced materials which have a longer life and performance characteristics than 
other materials. So we make use of the composite material carbon-carbon to replace the wing material for the 
aircraft. 
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1. INTRODUCTION 
An airfoil is the shape of a wing or blade or sail as 
seen in cross-section. An airfoil-shaped body moved 
through a fluid produces an aerodynamic force. The 
component of this force perpendicular to the direction 
of motion is called lift. 
Semi-symmetrical airfoils have the highest Cl max out 
of all other types of airfoils. And so we choose this 
cambered airfoil for estimating the general 
parameters of wing. 
Flaps are the control surface used and there are many 
types of flaps. Plain flaps are mainly used in our 
project. Due to the greater efficiency of other flap 
types, the plain flap is normally only used where 
simplicity is required. A modern variation on the 
plain flap exploits the ability of composites to be 
designed to be rigid in one direction, while flexible in 
another. 
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The NACA airfoils are  airfoil shapes for aircraft 
wings developed by the  National  Advisory 
Committee for Aeronautics (NACA). The shape of 
the NACA airfoils is described using a series of digits 
following the word "NACA." NACA 24012 series 
airfoil is used in this project. 
Once the critical angle of attack is reached, the 
aerofoil will stall. So by varying the angle of attack, 
we find the lift, drag, coefficient of lift, coefficient of 
drag, stall point. Conventional type control surface is 
used. Flaps are the control surface used to increase 
the lift. Composite material is used for the fabrication 
of wing. This material is used since it has less weight 
and high strength. Aerofoil design is made using 
Autocad2007 and analyzed in Fluent2.3.6 software. 
2. AIRFOIL NOMENCLATURE 
The NACA airfoils are  airfoil shapes for aircraft 
wings developed by the  National  Advisory 
Committee for Aeronautics (NACA). The shape of 
the NACA airfoils is described using a series of digits 
following the word "NACA." The parameters in the 
numerical code can be entered into equations to 
precisely generate the cross-section of the airfoil and 
calculate its properties. 
 
 
 
 
 
 
Figure: 1  Airfoil Nomenclature 
The mean camber line of an airfoil (see illustration) is 
the locus of points halfway between the upper and 
lower surfaces as measured perpendicular to the 
mean camber line itself. The most forward and 
rearward points of the mean camber line are the 
leading and trailing edges, respectively. The straight 
line connecting the leading and trailing edges is the 
chord line of the airfoil, and the distance from the 
leading to the trailing edge measured along the chord 
line is simply designated the chord of the airfoil, 
represented by c. The thickness of the airfoil is the 
distance from the upper to the lower surface, 
measured perpendicular to the chord line, and varies 
with distance along the chord. The maximum 
thickness, and where it occurs along the chord, is an 
important design feature of the airfoil. The camber is 
the maximum distance between the mean camber line 
and the chord line, measured perpendicular to the 
chord line. Both the maximum thickness and the 
camber are usually expressed in terms of a 
percentage of the chord length; for example, a 12% 
thick airfoil has a maximum thickness equal to 0.12c. 
Airfoils that are manipulated to produce variable 
forces are called control surfaces. Ailerons, control 
surfaces hinged to the trailing edges of wings, can 
produce rolling, which is rotational motion of the 
aircraft about a line running through its fuselage, or 
yawing, which is rotational motion about a line 
running from the top to the bottom of an aircraft. 
Modern aircraft have fairly complex arrays of control 
surfaces, including elevators, a rudder, and flaps. 
Elevators, which are hinged to the rear of the 
horizontal airfoil of the tail assembly, are used to 
produce pitching, which occurs when an airplane in 
level flight points its nose upward or downward. The 
rudder, which is hinged to the rear of the vertical 
airfoil of the tail assembly, is used to produce 
yawing. Flaps are located near the ailerons to 
increase lift for takeoff and landing.  
In our project plain flaps are mainly used due to 
exploits the ability of composites to be designed to be 
rigid in one direction, while flexible in another. 
 
 
 
 
 
Figure: 2  Airfoil with Flaps 
3. AIRFOIL SELECTION 
Semi-symmetrical airfoils have the highest Cl 
max out of three types of airfoils. So semi-
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symmetrical airfoil is selected for our project and 
also based on NACA airfoil numbering system. 
4. NACA AIRFOIL NUMBERING 
SYSTEM 
Many times you will see airfoils described as NACA 
xxxx or NACA xxxxx or NACA xxy-xxx series. 
From the book Airplane Aerodynamics, by 
Dommasch, Sherby and Connally, Pitman Press, 
1967, the following definitions are given to this 
nomenclature. 
The NACA 4-digit airfoils mean the following: The 
first digit expresses the camber in percent chord, the 
second digit gives the location of the maximum 
camber point in tenths of chord, and the last two 
digits give the thickness in percent chord. Thus 4412 
has a maximum camber of 4% of chord located at 
40% chord back from the leading edge and is 12% 
thick, while 0006 is a symmetrical section of 6% 
thickness. 
The NACA 5 digit series airfoil means the following: 
The first digit designates the approximate camber in 
percent chord, the second digit indicates twice the 
position of the maximum camber in tenths chord, the 
third (either 0 or 1) distinguishes the type of mean-
camber line, and the last two digits give the thickness 
in percent chord. Thus, the 23012 airfoil has a 
maximum camber of about 2% of the chord located at 
15% of the chord from the leading edge (3 tenths 
divided by 2) and is 12% thick. 
The NACA six, seven and even eight series were 
designed to highlight some aerodynamic 
characteristic. For example, NACA 653-421 is a 6-
series airfoil for which the minimum pressure's 
position in tenths chord is indicated by the second 
digit (here, at the 50% chord location), the subscript 3 
means that the drag coefficient is near its minimum 
value over a range of lift coefficients of 0.3 above 
and below the design lift coefficient, the next digit 
indicates the lift coefficient in tenths (here, 0.4) and 
the last two digits give the maximum thickness in 
percent chord (here, 21% of chord). The description 
for this example comes from Foundations of 
Aerodynamics, Kuethe and Schetzer, 2nd Edition, 
1959, John Wiley and Sons, New York. 
There are formulas that define all the stations of the 
airfoil section from these digits and you can probably 
find those in your library in any good aerodynamics 
book. Also, you are referred to two other references 
listed below for more information on these 
classifications. HOWEVER, in all cases, the last two 
digits of the classification give the thickness in 
percent chord. 
5. NACA 5 DIGIT AIRFOIL 
The NACA 5 digit airfoils use the same thickness 
envelope as the 4 series but with a different camber 
line and numbering system. In this project NACA 
24012 is used and its description is given as, 
 
 
 
Figure: 3  NACA 24012 Airfoil 
 
 
Table: 1  Description of NACA 24012 Airfoil 
The main objective of image fusion is to combine 
information from multiple images of the same scene 
in order to deliver only the useful information. The 
discrete cosine transforms (DCT) based methods of 
image fusion are more suitable and time-saving in 
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real-time systems using DCT based standards of still 
images. In this dissertation an efficient approach for 
fusion of multi-focus images based on variance 
calculated in DCT domain is presented. This research 
work propose a new technique which will integrate 
the higher valued Alternating Current (AC) 
coefficients calculated in Discrete Cosine Transform 
(DCT) domain based fusion with principle 
component analysis (PCA) and adaptive histogram 
equalization to reduce the color artifacts which will 
be introduced due to the transform domain method 
i.e. DCT. The fusion process may degrade the 
sharpness of the fused images so to overcome this 
problem adaptive histogram equalization will be used 
to enhance the results further. The use of PCA is for 
increasing the speed of the AC-DCT based fusion 
method; because in color images AC-DCT will be 
applied on each color separately which is time 
consuming in nature. 
To do the performance analysis different metrics will 
be considered in this dissertation. The performance of 
image fusion is usually evaluated in terms of 
accuracy, PSNR and speed etc. 
6. ANALYSIS  
6.1 Design of Airfoil in Cadd  
We design the NACA 24012 aerofoil using 
AutoCAD 2007 for certain specification with 81 
coordinates. 
 
 
 
 
 
 
Figure: 4  3d- View Of NACA 24012 Airfoil 
 
6.2  CFD 
CFD is predicting what will happen, 
quantitatively, when fluids flow, often with the 
complications of: 
 simultaneous flow of heat, 
 mass transfer (eg perspiration, dissolution), 
 phase change (eg melting, freezing, boiling), 
 chemical reaction (eg combustion, rusting), 
 mechanical movement (eg of pistons, fans, 
rudders), 
 stresses in and displacement of immersed or 
surrounding solids. 
6.3 GAMBIT 
Preprocessing is the first step in building and 
analyzing a flow model. It includes building the 
model (or importing from a CAD package), applying 
the mesh, and entering the data. We used Gambit as 
the preprocessing tool in our project. 
GAMBIT is a software package designed to help 
analysts and designers build and mesh models for 
computational fluid dynamics (CFD) and other 
scientific applications. GAMBIT receives user input 
by means of its graphical user interface (GUI). The 
GAMBIT GUI makes the basic steps of building, 
meshing, and assigning zone types to a model simple 
and intuitive, yet it is versatile enough to 
accommodate a wide range of modeling applications. 
The advantages of using gambit for the geometry 
design are: 
a) Ease of use  
b) CAD/CAE Integration  
c) Fast Modeling  
d) CAD Cleanup  
e) Intelligent Meshing  
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Figure: 5  NACA 24012 With Flaps In Gambit      
(Up Angled) 
Construction of NACA 24012 Airfoil with control 
surface (flaps) which is tilted 10 degree above and 
below using GAMBIT and grid is generated using 
co-ordinates.  
 
 
 
 
 
 
                                                                                  
Figure: 6  NACA 24012 with Flaps In Gambit 
(Down Angled) 
6.4 Fluent 
FLUENT is a computer program for modelling fluid 
flow and heat transfer in complex geometries. 
FLUENT provides complete mesh flexibility, 
including the ability to solve flow problems using 
unstructured meshes that can be generated about 
complex geometries with relative ease. Supported 
mesh types include 2D triangular/quadrilateral, 3D 
tetrahedral/hexahedral/pyramid/wedge, and mixed 
(hybrid) meshes. FLUENT also allows you to refine 
or coarsen your grid based on the flow solution. 
FLUENT is written in the C computer language and 
makes full use of the flexibility and power offered by 
the language. Consequently, true dynamic memory 
allocation, efficient data structures, and flexible 
solver control are all possible. In addition, FLUENT 
uses a client/server architecture, which allows it to 
run as separate simultaneous processes on client 
desktop workstations and powerful computer servers. 
All functions required to compute a solution and 
display the results are accessible in FLUENT through 
an interactive, menu-driven interface. 
For NACA Airfoil 24012 with control surface (flaps) 
with 10 degree tilted upper side. These result shows 
velocity is high at upper surface of the airfoil and low 
at bottom for static pressure, for dynamic pressure 
velocity is high at bottom surface and low at trailing 
edge.  
 
Figure: 7 (a)  Scale Residual 
 
Figure: 7 (b)  Contours Of Modified Turbulent 
Viscosity (m2/s) 
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Figure: 7 (c)  Contours of Static Pressure 
 
 
Figure: 7 (d)  Contours Of Dynamic Pressure 
For NACA 24012 airfoil with control surface (flaps) 
which is tilted 10 degree below. Cl, Cd and Cm are 
calculated for this airfoil. Here for static pressure 
velocity is very low at upper surface of the airfoil and 
high at lower at bottom, for dynamic pressure 
velocity is great at upper surface and low in L.E and 
T.E 
 
 
                                                                                                         
Figure: 7 (e)  Lift Convergence 
 
 
Figure: 7 (f)  Drag Convergence 
 
 
Figure: 7 (g)  Moment Convergence 
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Figure: 7 (h)  Grid 
 
 
Figure: 7 (i)  Contours of Static Pressure 
 
 
Figure: 7 (j)  Contours of Dynamic Pressure 
 
 
Figure: 7 (k)  Contour of Velocity magnitude 
 
 
Figure: 7 (l)  Contour of Modified turbulent velocity 
(m2/s) 
7. FABRICATION WORK 
We used balsa wood sheet (100*7.5*1cm) for 
making airfoil section of chord length 20cm out of 
this sheet. 
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Figure: 8  Balsa Wood (100*7.5*1cm) 
We made 5 airfoil sections out of one balsa wood 
sheet. Then we made the wing section by arranging 
the airfoils. We connected the airfoils using stringers 
by inserting carbon fiber rod of diameter 5cm. 
 
 
 
 
 
 
 
 
 
Figure: 9  Wing Section With Flaps 
Then we covered the wing section by glass fiber, we 
connect the flaps with aluminium sheet to the airfoil 
section. We tested our wing section in subsonic wind 
tunnel for various angle of attack of the wing. 
8. WINDTUNNEL TESTING 
A wind tunnel is a tool used in  aerodynamic research 
to study the effects of air moving past solid objects. 
A wind tunnel consists of a closed tubular passage 
with the object under test mounted in the middle. A 
powerful fan system moves air past the object; the 
fan must have straightening vanes to smooth the 
airflow. The test object is instrumented with a 
sensitive balance to measure the forces generated by 
airflow; or, the airflow may have smoke or other 
substances injected to make the flow lines around the 
object visible. Full-scale aircraft or vehicles are 
sometimes tested in large wind tunnels, but these 
facilities are expensive to operate and some of their 
functions have been taken over by computer 
modeling. In addition to vehicles, wind tunnels are 
used to study the airflow around large structures such 
as bridges or office buildings. The earliest enclosed 
wind tunnels were invented in 1871; large wind 
tunnels were built during the Second World War. 
Wind tunnels were first proposed as a means of 
studying vehicles (primarily  airplanes) in free flight. 
The wind tunnel was envisioned as a means of 
reversing the usual paradigm: instead of the air's 
standing still and the aircraft moving at speed 
through it, the same effect would be obtained if the 
aircraft stood still and the air moved at speed past it. 
In that way a stationary observer could study the 
aircraft in action, and could measure the aerodynamic 
forces being imposed on the aircraft. 
8.1 Force and moment measurements 
With the model mounted on a  force balance, one can 
measure lift, drag, lateral forces, yaw, roll, and 
pitching moments over a range of  angle of attack. 
This allows one to produce common curves such as  
lift coefficient versus angle of attack (shown). 
Note that the force balance itself creates drag and 
potential turbulence Sthat will affect the model and 
introduce errors into the measurements. The 
supporting structures are therefore typically smoothly 
shaped to minimize turbulence. 
8.2 Flow Visualization 
Because air is transparent it is difficult to directly 
observe the air movement itself. Instead, multiple 
methods of both quantitative and qualitative flow 
visualization methods have been developed for 
testing in a wind tunnel. 
Closed circuit wind tunnels are advantageous over 
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open circuit wind tunnels for the following reasons: 
the quality of the flow can be easily controlled with 
screens and corner turning vanes; less energy is 
required to create an airflow of a given size and 
velocity; the wind tunnel runs more quietly. Smoke 
method is used in our project to visualize the flow. 
8.3 Procedures of Testing the NACA 24012 
Airfoil 
My goal was to find the coefficients of lift and drag, 
CL and CD, respectively. These coefficients are 
defined as follows, CL = 2L/ (dv2A) CD = 2D/ (dv2A) 
Where L is the lift force in N, D is the drag force also 
in N, d is the density of the air in kg/m3, v is the 
velocity of the air in m/s, and A is the horizontal area 
of the wing in m2. 
9. CONCLUSION 
We have chosen NACA 24012 Airfoil for the 
estimation of wing parameters with control surfaces 
(flaps and trim tabs) and designed our airfoil using 
CADD. Analysis has been made using GAMBIT and 
FLUENT software. Wing fabrication is done using 
composite materials and the wing section is tested in 
subsonic smoke tunnel for flow visualization and 
force measurement. Once the critical angle of attack 
is reached, the aerofoil will stall. So by varying the 
angle of attack, we have found the coefficient of lift, 
coefficient of drag, stall point. Finally we compared 
the wind tunnel results with the analysis results. 
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